Diabetes mellitus interferes with the metabolism of carbohydrates, causing chronic hyperglycemia. Dyslipidemia in diabetes is a condition that leads to cardiovascular disease. This study was aimed to evaluate the effect of hydroalcoholic Prosopis ruscifolia (Pr) leaves extract on hyperglycemia and lipid profile in normo-and hyperglycemic mice. Mice hyperglycemia was induced by alloxan, animals were treated with Pr (50, 100, 200 mg/kg, p.o., 28 days). Fasted blood glucose level on days 7, 14, 21, and 28 was determined. Blood glucose remained within the normal range in the groups of normoglycemic animals treated with Pr. In the hyperglycemic animals, 100 mg/kg of Pr extract reduced the glycemia, this effect became markedly evident since day 7, until the end of experimental period (p < 0.0001), the total reduction reached was 60%. The lipid profile of normal and hyperglycemic mice was evaluated with 100 mg/kg, on day 28. A non-significant increase in total cholesterol and low density cholesterol, in hyperglycemic animals treated with vehicle, and a statistically significant increase (p < 0.0001) in the level of triglyceride and very low density cholesterol (VLDL) level (p < 0.0001) in normoglycemic animals treated with Pr, compared to the control group were denoted. This could indicate that Pr has a stimulating action on insulin secretion, since hyperinsulinemia is also associated with an increase in the quantity of atherogenic particles of VLDL cholesterol and triglycerides. The coronary risk index and the atherogenic index of hyperglycemic animals treated with Pr showed a reduction compared with the untreated hyperglycemic ones. The presence of three piperidine alkaloids, juliprosopine, 3''''-Oxo-juliprosopine, and julifloridine, previously isolated from P. juliflora, was confirmed. Also, the presence of the flavonoid quercetin was detected in this plant. Those compounds are strong candidates presumably responsible for imparting the effect on glycemia and lipid profile reported here.
INTRODUCTION
A major symptom in Type 1 and type 2 diabetes is hyperglycemia even when the progression of the disease varies; this is due to the progressive loss of β-cell mass and/or function. Patients with hyperglycemia can develop several complications, with different rates of progression (American Diabetes Association, 2017) . Dyslipidemia is a common feature of diabetes and a risk factor for cardiovascular disease in these patients. High level of low density lipoprotein cholesterol (LDL-c) is a well-known risk factor but patient with type 2 diabetes have a greater risk of cardiovascular disease mortality (Chehade et al., 2013) . People with diabetes can have various types of dyslipidemias (Hachem and Mooradian, 2006) , but a major risk factor of cardiovascular diseases is observed in patients with hypertriglyceridemia, reduced high density lipoprotein cholesterol (HDL-c), and increased small dense LDL (Mooradian, 2009) .
Diabetes mellitus dyslipidemia is attributed mostly to insulin resistance and insulin deficiency; being the main features increased level of very low-density lipoprotein (VLDL) and triglycerides (TGs), reduced level of HDL-c, and a predominance of small cholesteryl ester-poor LDL (Hachem and Mooradian, 2006) . These features are due to increased free fatty-acid release from insulin-resistant fat cells. The excess risk can be attributed mainly to diabetic dyslipidemia (Chahil and Ginsberg, 2006) .
On the other hand, the phenotype of patients with type 1 diabetes is closely similar to those with type 2 diabetes, showing a progressive increase in body weight and in blood pressure, and lipoprotein alterations (Chillaron et al., 2009; . This entails a remarkable increase of the metabolic syndrome in these patients and therefore, of the vascular risk (Chillaron et al., 2013) . Currently, scientific evidence indicates that the patients with and without diabetes have reduced risk of coronary heart disease when they undergo cholesterol reduction therapy (Baigent et al., 2005) .
In Paraguayan communities, diabetes is treated using hypoglycemic medicinal plants, among them Prosopis ruscifolia (Pr), a very thorny medium size tree that grows abundantly in the Paraguayan Chaco (González Torres, 1996; Meloni et al., 2008) . The indigenous population of Paraguay uses this plant as hypoglycemic and to treat hypercholesterolemia (Polini and Romero, 2013) . Considering the traditional use of P. ruscifolia and a previous report of low toxicity and the effect for lowering fasting blood glucose level in alloxan induced hyperglycemic rats after acute and chronic treatment (Campuzano-Bublitz et al., 2016) , the present work proposed to investigate the influence of hydroalcoholic extract of Pr after chronic oral administration, on lipid profile in normo-and hyperglycemic mice.
MATERIALS AND METHODS

Plant material and extraction
Aerial parts of Prosopis ruscifolia Griseb. (Fabaceae) were collected, identified, and dried (voucher specimen "Fátima Mereles No: 8.803"). The hydro-ethanolic extract was prepared by a conventional reflux method (Campuzano-Bublitz et al., 2016) . A suspension of extract in distilled water was used in the experiment.
Chemicals
Alloxan monohydrate and sodium chloride were obtained from Sigma Chemical Company (St. Louis, MO), pentobarbital (Nembutal) from Abbott (Japan), and ethanol were purchased locally which was distilled before use. FreeStyle Glucometer (Abbott) Kits for the estimation of total cholesterol, triglyceride, and HDL-cholesterol were purchased from Human Diagnostics Worldwide reagent.
Experimental animals
The animals, Swiss albino male mice (20-30 g), were kept in usual standard condition, received commercial foods, and were fasted overnight before the experiments with free access to drinking water during the trials. All assays were conducted in accordance with the international standards of animal welfare and Bioethical Committee approved protocol was followed (CEI 134/14) ; the minimum number of animals were used and each animal was used once (Real Decreto 17344, 2005) .
HILIC LC-ESI-MS conditions for alkaloid characterization
A Waters Acquity ultra-performance liquid chromatograph (UPLC) equipped with a quaternary solvent manager with an ESI probe and a XEVO-TQD triple quadrupole tandem mass spectrometer (Waters Corporation, Milford, MA) was employed. For the separations, a Phenomenex Kinetex hydrophilic interaction liquid chromatography (HILIC) column with a particle diameter of 1.7 µm, 2.1 mm i.d. × 100 mm was used. HILIC is an alternative to separate small polar molecules on a polar stationary phase, or for separation of polar compounds that cannot be adequately resolved in reverse phase columns. Acetonitrile: water 90:10 (A) with 5 mM ammonium formate and acetonitrile: water 50:50 (B) with 0.1% formic acid + 5 mM ammonium formate was the mobile phase. A gradient elution was employed (flow 0.25 ml/minute) with the following program: 0.00 → 2.50 minutes 100% A, 10.00 minutes 0% A, 12.50 minutes 0% A, and 15.00 minutes 100% A maintained until 18.00 minutes. The column temperature was 40°C and the injection volume was 10 µl (5 mg/ml, acetonitrile as a solvent). For the characterization of the main components of the alkaloid fraction, an elution at MS SCAN mode was performed. The conditions were as follows: polarity ESI (+), capillary voltage 3.70 kV, cone voltage 35.00 V, source temperature 150°C, desolvation temperature 500°C, desolvation gas flow 1,000 l/hour.
LC-ESI-MS/SIM for quercetin identification
For quercetin identification, the same apparatus aforementioned was employed. The characterization of the compound was performed as follows: for separation, a WATERS ACQUITY UPLC BEH C18 column was used with a particle diameter of 1.7 µm, 2.1 mm i.d. × 50 mm. The mobile phase was composed by water with 0.1% formic acid + 0.5% ammonia (A) and methanol (B). The elution was performed in gradient mode with the following conditions: flow rate 0.3 ml/minute, 0.00 → 0.50 90% A, 0.5 → 2.00 10% A, 2.00 → 4.00 10% A, 4.00 → 4.01 15% A, 4.01 → 5.00 30% A, 5.00 → 6.00 55% A, 6.00 → 7.00 90% A, and 7.00 → 15.00 90% A. The column temperature was 40°C and the injection volume was 10 µl (methanol as a solvent). The characterization of the compound was performed in SIR mode. The conditions were: polarity ES (−), ion mass 302.33 m/z, capillary voltage 5 kV, cone voltage 30.00 V, dwell time 0.025 seconds, source temperature 150°C, desolvation temperature 350°C, and desolvation gas flow 540 l/hour. An authentic sample (1 mg/ml, dissolved in methanol) was injected also to confirm the presence of the compound.
Alloxan induced hyperglycemia and treatment
Albino Swiss mice were kept fasted during 12 hours with free access to drinking water and treated with alloxan monohydrate (i.p.; 150 mg/kg body weight) to induce hyperglycemic condition (Dunn and McLetchie, 1943) . After 48 hours, animals with a fasted blood glucose concentration higher than 200 mg/dl were considered as hyperglycemic according to the values for mice with normal glucose level declared by Zúñiga et al. (2011) . Each animal received once a day for 28 days, distilled water (0.1 ml/10 g of weight, p.o.) or Pr hydro-ethanolic extract (50, 100, or 200 mg/kg, p.o.), and were fed with 6 g/day a standard feed and water ad libitum. The influence of Pr extract on glycemia was tested in normoglycemic (Nveh, NPr 50 , NPr 100 , andNPr 200 ) and hyperglycemic (Hveh, HPr 50 , HPr 100 , and HPr 200 ) mice and glucose level was measured on days 0, 7, 14, 21, and 28 (García et al., 2006) . Serum lipid profile was measured in four groups of mice (n = 8), Nveh (normoglycemic, vehicle), NPr (normoglycemic, Pr, 100 mg/kg, p.o.), Hveh (hyperglycemic, vehicle), and HPr (hyperglycemic, Pr, 100 mg/kg, p.o.) at the end of the 28th days of treatment.
Biochemical estimations in blood and serum
Blood from the tail vein was obtained for fasting blood glucose measurement with a glucometer. For estimating serum lipid profile, serum was separated from the blood collected by cardiac puncture after pentobarbital (50 mg/kg, i.p.) anesthesia, from overnight fasted mice on day 28. Serum total cholesterol (TC), TG, and high density lipoprotein cholesterol (HDL-c) were estimated with the reagents kits; very low density lipoprotein cholesterol (VLDL-c) and LDL-c were calculated as per Friedevald's equation. VLDL-c = Serum triglyceride/5; LDL= TC-VLDL-c-HDL-c. Results were expressed in mg/dl. Atherogenic index (AI) was calculated as: LDL-c/ HDL-c and coronary risk index (CRI) was calculated as TC/HDL-c.
Statistical analysis
One-way analysis of variance (ANOVA) followed by Tukey's multiple comparison test using GraphPad Prism 7.0 software (GraphPad Software, Inc., CA) was performed. Results are expressed as mean ± SD. The level of probability (p) less than 0.05 was considered as statistically significant.
RESULTS AND DISCUSSION
Alloxan causes a massive reduction of β-cells of the islets of Langerhans through its ability to induce ROS formation, resulting in the selective necrosis of beta cells and hyperglycemia (Lenzen, 2008) . Prosopis ruscifolia is traditionally used for a treatment of conjunctivitis, hypercholesterolemia, and as an antidiabetic agent (Polini and Romero, 2013) . In a previous study in rats, the effect of this plant was investigated and it was demonstrated that 100 mg/kg significantly reduces the glycemia in these animals (Campuzano-Bublitz et al., 2016) . In this work, the effect of P. ruscifolia the hydro-alcoholic extract on glycemia and lipid profile in normoglycemic and alloxan induced hyperglycemic mice was evaluated.
HILIC LC-ESI-MS analysis
The elution in MS SCAN mode of the alkaloid fraction of P. ruscifolia showed five main peaks. The mass spectrum of the main peak at 10.26 minutes showed a molecular ion . These data correspond to the piperidine alkaloid juliprosopine, previously isolated from another species of the same genus, P. juliflora (Dos Santos et al., 2013; Nakano et al., 2004; Singh and Verma, 2012 . These data are in agreement with the piperidine alkaloid 3''''-Oxojuliprosopine, also isolated from the plant mentioned above. The third main peak of the chromatogram at 3.10 minutes showed a molecular ion at m/z 300.545 [M + H] + that was also the base peak. The mass correspond to the piperidine alkaloid julifloridine isolated also from P. juliflora. The other two main peaks at 1.09 and 8.93 minutes were unresolved mixtures of compounds, and therefore their structures were not characterized (Fig. 1) . 
Quercetin identification
The elution in SIR/MS mode showed a lone peak at 4.24 minutes. To confirm the identity of the compound, as quercetin, an authentic sample was also injected, that showed the same RT and shape as the peak of the extract (Fig. 2) .
Effect on glycemia level
The effect of the extract of P. ruscifolia on the glycemia of normoglycemic and alloxan-induced hyperglycemic mice was tested (50, 100, and 200 mg/kg), eight groups were formed and mice were treated for 28 days. In the groups of normoglycemic animals, none of the three doses produced variations of the glycemia outside physiological range (data not shown). In the Nveh group (normoglycemic, water, p.o.), the glycemia level was verified at the beginning of the experiment (139.0 ± 12.12 mg/dl) and at 7 (137.7 ± 32.85 mg/dl), 14 (153.5 ± 36.48 mg/dl), 21 (142 ± 18.44 mg/dl), and 28 days (128.2 ± 17.66 mg/dl). Therefore, it is concluded that the diet they received, that is, 6 g/day of commercial pellet did not alter the glycemia of normoglycemic mice.
In the groups of hyperglycemic animals, it was found that 100 mg/kg of Pr was the only effective dose that significantly reduced glycemia (Fig. 3) ; the hypoglycemic effect of the extract became markedly evident from the first measurement on day 7 and remained low until the end of the observation, contrasting with the other two groups, HPr 50 and HPr 200 , with high serum blood glucose level until the end. Mice with alloxan-induced hyperglycemia maintained the blood glucose level significantly elevated throughout the trial (Hveh = initial 418.0 ± 61.48, day 7: 311.9 ± 80.73, day 14: 253.4 ± 93.24, day 21: 307.3 ± 120.6, and day 28: 324.59 ± 59.80; mg/dl); and when comparing the data obtained at the end of the treatment, it has been observed a significant difference between the hyperglycemic (Hveh) and normoglycemic (Nveh) animals treated with vehicle (324.5 ± 59.80 and 142.1 ± 9.54, mg/dl, respectively, p < 0.0001; Fig. 3) .
The initial glycemia in HPr 100 group was 323.3 ± 91.73 mg/dl; after that at 7 (129.9 ± 48.09 mg/dl), 14 (106.6 ± 54.65 mg/dl), 21 (77.88 ± 24.75 mg/dl), and 28 days (131.6 27.36 mg/ dl) were significantly lower (p < 0.0001). When compared, the values obtained since day 7, in HPr 100 and the Nveh groups, it was evidenced that there were no significant difference (p 0.05) between them (Fig. 3) . This indicates that the hydro-alcoholic extract of P ruscifolia significantly reduced glycemia and, even more, these values reached normal level (Zuñiga et al., 2011) and showed similar evolution as Nveh group established in this work. Finally, comparing the groups of hyperglycemic animals, Hveh and HPr 100 , it was observed that at the beginning of the study (day 0) in both groups a high serum blood glucose level were measured, and after the seventh day, a significant decrease in glycemia was observed in the HPr 100 group. The total reduction of glycemia at the end of the experiment was almost 60% (Table 1) .
Other Prosopis species have proved their ability for lowering blood glucose level. Thus, rats treated with P. glandulosa resulted in significant increase in insulin levels and significant decrease in blood glucose levels (George et al., 2011) . Both, leaves and barks extracts of P. cineraria reduced blood glucose level of streptozotocin-induced diabetic Wistar rats Singla, 2013, Sharma et al., 2010) . Other study showed that P. farcta reduced serum glucose level of STZ-induced diabetic rats (Dashtban et al., 2016) . We have previously reported the significant reduction in blood glucose level in hyperglycemic rats, after acute and chronic oral treatment with P. ruscifolia hydroalcoholic leaves extract (Campuzano-Bublitz et al., 2016) .
Results of this study do not allow defining the mechanism of hypoglycemic action of P. ruscifolia. Various plant metabolites possess hypoglycemic and other pharmacological properties. As previously determined (Campuzano-Bublitz et al., 2016) ; P. ruscifolia contain saponins, flavonoids, and alkaloids, all of them are strong candidates presumably responsible for imparting the effect on glycemia and lipid profile reported here. This antihyperglycemic action can be attributed to undamaged or residual β-cell stimulation to release insulin (Gerich, 1989) , or, to an increasing formation of small β-cells as described previously in P. glandulosa (George et al., 2011) . Oxidative stress and free radicals production plays a key role in diabetes (Ceriello, 2003) . Compounds that are a part of P. ruscifolia composition have the ability to serve as antioxidants. Quercetin, previously found in P. farcta demonstrated the ability to regenerate pancreatic islets and probably increases insulin release (Dashtban et al., 2016; Vessal et al., 2003) and is a radical scavenger that has protective effect against oxidative stress-induced cell damage via scavenging reactive oxygen species.
Effect on lipid profile
Considering the result of P. ruscifolia (Pr) on glycemia, and taking into account that only 100 mg/kg showed the ability for lowering blood glucose, the effect of the treatment with the hydro-alcoholic extract of Pr on the lipid profile of normal and hyperglycemic mice was evaluated with this dose, through the determination of TC, TG, HDL-c, LDL-c, VLDL-c in serum after obtaining the blood samples by cardiac puncture, at the end of the experiment. In order to analyze the data obtained when measuring these parameters, the referenced values published (RESBCAL, 2012; Zuñiga et al., 2011) were considered and the values range are indicated in the figures.
Regarding the level of cholesterol (Table 2 ; Fig. 4A ) although in the groups of hyperglycemic animals the cholesterol level was higher than in the normoglycemic group, this difference was not significant, the total serum cholesterol concentrations of all groups were found within the range considered normal for this species (up to 140 mg/dl; Zuñiga et al., 2011) . In the same way, it was found that HDL cholesterol concentrations in all the groups were kept in the normal range. The normoglycemic animals treated with P. ruscifolia, significantly increased (p < 0.0001) the TG level (NPr: 135.0 ± 20.61 mg/dl), compared to the control group (Nveh, 39.75 ± 7.246 mg/dl). However, the Hveh groups (38.13 ± 12.86 mg/dl) and HPr (43.88 ± 17.21 mg/dl) have TG level similar to each other and to the Nveh group (p > 0.05; Fig. 4B ). In the same manner triglycerides increased, VLDL level was also elevated in the NPr group (27.00 ± 4.122 mg/dl), being significantly different (p < 0.0001) from Nveh (7.950 ± 1.449 mg/dl), Hveh (5.950 ± 1.140 mg/dl), and HPr groups (8.775 ± 3.442 mg/dl), which in turn showed relatively similar levels to each other (p > 0.05). No difference was found in LDL levels, it was observed in both groups of hyperglycemic animals, Hveh (90.30 ± 12.24 mg/dl) and HPr (70.73 ± 29.90 mg/dl), a non-significant increase in LDL compared to control group (Nveh: 53.97 ± 19.98 mg/dl, Table 2 ; Fig. 5B ). Data are given as mean ± standard deviation, n = 8. Data are given as mean ± standard deviation, n = 8. Additionally, the CRI was calculated, the results showed a significant difference between the group of hyperglycemic animals treated with vehicle (Hveh) and the control group (Nveh), on day 28 (p < 0.05; CRI: 4.118 ± 1.155 and 2.636 ± 0.9597, respectively; Fig. 6A ). Regarding the AI, a significant difference (p <0.05) between the group of normoglycemic and hyperglycemic animals treated with water (Nveh: 1.686 ± 0.4080; Hveh: 2.889 ± 0.8197) was evidenced. Moreover, the atherogenic index calculated for NPr (1.393 ± 0.4215) and HPr (2.009 ± 0.6896) did not differ from the control group (p < 0.05; Fig. 6B ).
High TG concentration, reduced HDL-c, and increased concentration of LDL particles are characteristic features of diabetic dyslipidemia (Chehade et al., 2013) , and represents a risk factor for cardiovascular disease (Mooradian, 2009) . The data obtained in this study indicated a non-significant increase in total cholesterol and LDL in hyperglycemic animals treated with the vehicle during 28 days. These data are different from that reported for P. cineraria, after 45 days observation, where diabetic mice showed an increased level of TC, TG, LDL, and VLDL and reduced level of HDL (Sharma et al., 2010) . It is likely that the longer duration of the experience helped to establish the classic triad observed in diabetic dyslipidemia. Interestingly, normoglycemic mice treated with P. ruscifolia showed increased levels of triglyceride and VLDL in serum. This could indicate that this plant has a stimulating action on insulin secretion, since hyperinsulinemia is also associated with an increase in the quantity of atherogenic particles of VLDL cholesterol, and triglycerides (Mooradian et al., 2007; 2008) .
The LDL/HDL is a predictive value of the risk of cardiovascular disease, as well as the ratio TC/HDL, the incidence of cardiovascular disease is higher with elevated levels of LDL and low levels of HDL; therefore, the LDL/HDL ratio is often calculated to estimate cardiovascular risk (Mudhaffar, 2013) . A greater ratio of TC/HDL and LDL/HDL represents a greater risk due to the imbalance between cholesterol molecules transported by atherogenic lipoproteins and those transported by antiatherogenic lipoproteins. The TC/HDL ratio, but not high levels of cholesterol or low levels of high-density lipoprotein, was associated with coronary hearth diseases. The LDL/HDL ratio appears to be slightly higher predictive power compared with the TC/HDL-C ratio (Zhu et al., 2015) . According to the data obtained, the treatment with P. ruscifolia reduced the AI and CRI compared to hyperglycemic and untreated animals. It is expected that the extract will reduce the progression of atherosclerosis in mice and can be useful to prevent or reduce cardiac complication of diabetes hyperlipidemia. Additionally, when the atherogenic index was calculated, it was observed that normal and hyperglycemic mice treated with the extract showed a diminished value; therefore, it could be presumed that P. ruscifolia exerts a beneficial effect as a protector against cardiovascular diseases (Baldissera et al., 2017; Barter et al., 2007; Kang et al., 2012) . Finally, controlled glucose levels in diabetes lead to reduced TC and TG levels due to decreased circulating VLDL and increased catabolism of LDL (Schofield et al., 2016) .
CONCLUSION
Chronic oral administration of P. ruscifolia leaves extract reduced hyperglycemia and had a favorable effect in diabetic hyperlipidemia. However, further studies are necessary to confirm, extend, and clarify the underlying mechanism of observed effect. These findings are relevant because they validate the folk uses of this plant. 
